stone of studies that draw inferences about function and evolution at various levels of biological organization. The availability of whole-genome sequences as well as other genomic resources (e.g. microarray methods, expressed sequence tag [EST] libraries, highthroughput resequencing technologies) has allowed us to extend the comparative method to encompass the evolution of genome structure and function. More than just an isolated field, the past few years have witnessed the emergence of comparative genomics as a tool to address questions in diverse areas of biological research.
THE EVOLUTION OF GENOME STRUCTURE
Characterization of genomes, including wholegenome sequences, has traditionally revealed numerous species-specific details, including genome size, gene number, patterns of sequence duplication, a catalog of transposable elements, and syntenic relationships (e.g. The Arabidopsis Genome Initiative, 2000; Goff et al., 2002; Yu et al., 2002) . These studies have underscored the diverse architectures of plant genomes. At present, however, we continue to know very little about the evolutionary dynamics of changes in genome structure and their consequences on gene content and evolution. As more whole-genome sequences at both intraspecific and interspecific levels become available, we will be in a position to address several key issues surrounding the evolution of genome architectures. These include the extents and rates of change in genome structure and size, patterns of large-scale genome duplications (including polyploidization), the dynamics of the origins and extinctions of genes, the role of selection acting on large-scale variation in genome structure and organization, the evolutionary forces that determine transposable element activity and number and the functional consequences of these mobile elements, and the extent and impact of epigenetic markings on genome and organismal evolution.
THE EVOLUTION OF GENOME FUNCTION
Genomic tools have provided a boon for researchers seeking to understand the functional roles of genes and their evolutionary histories. Especially useful has been the appearance of genome-based methods to identify genomic regions of functional importance. The availability of intraspecific whole-genome sequences (such as for two subspecies of rice [Oryza sativa] and the Columbia and Landsberg erecta ecotypes of Arabidopsis thaliana) can reveal single nucleotide polymorphism genomic regions with markedly low or high levels, possible indicators of positive or balancing selection, both of which are signatures of adaptive evolution (Nielsen, 2001) . The mark of selection on candidate loci identified in this manner can then be verified by sampling more individuals within the species. The occurrence of intraspecific variation for phenotypic traits of interest also permits the identification of genes responsible for these traits by searching for associations among naturally occurring genome-wide polymorphisms using linkage disequilibrium mapping, a technique whose viability is SNP currently being actively investigated in plants (Hagenblad et al., 2004) . When candidate genes are already known, genomic variation data can provide the necessary controls for phenotypic association studies.
Over the last several years, we have begun to realize that the products of genes are embedded in large-scale interaction networks that represent integrated functional units at the molecular genetic level. Thus, to understand the evolution of function, it becomes necessary to understand the evolutionary dynamics of molecular genetic networks (Cork and Purugganan, 2004) . Expression profiling with microarrays combined with EST and genome sequence data offer a viable way to do so, allowing us to identify the interacting candidate genes of genetic networks and examine how the patterns of interactions change across species. What is lacking is a solid theoretical framework for network structure and evolution, and work in this exciting area should be forthcoming.
POPULATION GENOMICS AND PHYLOGENOMICS
A key tenet of evolutionary genetics is that natural selection affects single genes or gene regions, but population processes, such as gene flow, range expansion, or bottlenecks, leave their imprint on all genes in the genome. Data for genome-wide polymorphisms for individuals of a species can now be easily obtained with high-throughput methods and is not limited to organisms with sequenced genomes. We are now faced with unprecedented amounts of genome information with which to characterize population history and structure. Quantification of levels of intraspecific genome variation also aids in the identification of loci under selection, which exhibit patterns of variation divergent from those in the rest of the genome (Luikart et al., 2003) . As the level of structural variation in intraspecific genomes becomes more apparent, theory will have to be developed to describe genomic phenomena, such as the evolutionary dynamics of gene families and transposable elements, in a population context.
A consequence of the proliferation of genome studies has been the documentation of patterns of genome variation between species, information that can be used to assist in the construction of the Tree of Life, including plants. Given the evolutionary distances between many organisms targeted by whole-genome and EST sequencing studies, such data is more likely to aid in the characterization of deep phylogenetic nodes of plant phylogeny. Moreover, the extensive genome coverage of the data can also be used to explore molecular clocks along phylogenetic branches (Miller et al., 2004) as well as to understand the genomic changes characteristic of major evolutionary lineages (Bennetzen, 2002; Haubold and Wiehe, 2004 ). This will allow us to advance toward a central goal of plant biology: the reconstruction of the evolutionary history of all extant plant groups.
COMPARATIVE METHODS AND THE FUNCTIONAL ANNOTATION OF GENOMES
Identification of functional regions in genomes can be carried out by searching for conservation among genome sequences, as functional regions are believed to be under stabilizing selection and should be preferentially conserved over evolutionary time. This approach has been used successfully in the annotation of animal and yeast genomes (for review, see Miller et al., 2004 ), but has not yet been used extensively in plants (only two complete and quite distant plant genomes are currently available). Both coding and regulatory regions can be identified by locating genomic areas under purifying selection, although regulatory regions tend to be less conserved and pose greater challenges to the comparative genomics approach. Comparisons at varying levels of evolutionary divergence are likely to reveal functional regions characteristic of different plant groups; even intraspecific genomic approaches have been shown to be useful in predicting functional sequence motifs (Boffelli et al., 2004) .
The reliability and usefulness of comparative genomics for genome annotation will depend on the continuous improvement of predicting algorithms, as well as our improving characterization of the varying neutral evolutionary rates across sequenced genomes (Miller et al., 2004) . Comparisons among multiple species, although computationally intense, have also been shown to be a powerful method in the prediction of functional genomic regions (Thomas et al., 2003) . The success of such approaches for plant genome annotations will hinge on the completion of sequenced genomes for plants of all major evolutionary lineages.
PERSPECTIVES
Comparative genomics has proven an invaluable approach to understanding biology, not only for dissecting patterns and processes of genome evolution but also in revealing aspects of gene function. The rapid advances in technology, both for sequencing and for determining expression and interaction patterns, will continue to propel this area in the future.
Although it is as yet unreasonable to expect that everybody's favorite organism will be sequenced to completion, the plant research community as a whole would benefit from candidate genomes chosen within a reasonable phylogenetic framework. Ideally, this would include candidates from non-seed plant lineages, gymnosperms, and major angiosperm lineages, and steps for at least comparative EST analysis in this regard are under way. Maximum benefit could be derived from applying Bennetzen's (2002) suggestion to sequence pairs of organisms for each selected lineage. Intraspecific genome comparisons will primarily rely on resequencing techniques in the near future, though the advent of chip-based genomic array techniques (Borevitz and Ecker, 2004) as well as new methods will make it easier to acquire large genome coverage for individuals within populations or species. These tools, coupled with functional genomics approaches, may provide crucial insights into how genomes evolve in structure and function, and also permit us to link genome structure with organismal biology.
